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Questions about post-
Oroville Dam spawning
riffles...

B \What is the extent of
spawning gravels at the
twenty main riffles between
Oroville and Honcut Creek?

B Does the size of the gravels
change significantly in this
reach?

B Has the size changed over
time?

B Are the gravels “armored”?

— # What is the quality of the
spawning gravels?

B In general, what are the
permeabilities, temperatures,
DO’s and velocities at these
riffles?
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SPAWNING RIFFLE
CHARACTERIZATION

“WHAT IS THE AREAL EXTENT OF SPAWNING
GRAVEL DEPOSITS?”

(measure dimensions and calculate spawning area)
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"HAVE THE SIZES OF SPAWNING GRAVELS
CHANGED SPATIALLY AND/OR OVER TIME?’

(analyze representative areas at the heads of
riffles with bulk gravel sampling and surface
sampling techniques)




Ideal gravel
sampling
location at
top of riffle

SAMPLING PROTOCOLS (lateral)

ravel bar ﬁi{t{(\

validates comparisons

of samples by
minimizing local
variability

samples gravels where
salmon are spawning
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(VERTICAL)



WOLMAN COUNTS (SURFACE)
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GRAVEL SAMPLING METHODS



WOLMAN
SAMPLING

surface sampling
technique

measures h-axis of
pebble

easy and quick
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SPAWNING GRAVEL SIZE ANALYSIS ‘
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BULK SAMPLING AT ALECK RIFFLE, 2003
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GRAVEL SAMPLE STATISTICS

B calculated standard descriptive
statistics = mean (D50), standard
deviation, skewness, kurtosis and
sorting

m also geometric mean (Dg)
= (D16*D84)°5
B most useful = D50 and Dg
B D50 (mean) more understandable

B Dg more usable for gravel quality
analysis



BulK Surface D50 by River Mile (1982-2003) .
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Bulk Subsurface D50 by River Mile (1982-2003)
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Fercert Finer by Weight

Grain Size Distribution Curve
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TASK 7 — Predicted Changes in D50 Gravel Diameter
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SPAWNING RIFFLE
CHARACTERIZATION

“ARE THE GRAVELS ARMORED?"
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SOME CAUSES OF LEVEES - restriction of floodway

concentrates flow

GRAVEL ARMORING
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GRAVEL MINING - creates " OROVILLE DAM - blocks recruitment of fresh
hydraulic “drop” that gravel while releases continue to transport
increases channel gradient gravel; also moderates flood events
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Armoring Ratio D50a/D50b by River Mile (1982-2003)
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RIVER ARMORING

Gravel bed sampling in 1982, 1996, and
2002-03 indicates that armoring is becoming
more severe with time

Bed armoring extends down to Honcut Creek

Parts of the Low Flow reach armored with
cobbles and boulders too coarse for salmon
to move --- salmon forced to spawn In less
than ideal conditions



SPAWNING RIFFLE
CHARACTERIZATION

“WHAT IS THE QUALITY OF SPAWNING GRAVELS?’
(compare gravel sample statistics with optimal

ranges for spawning)




SPAWNING
GRAVEL
QUALITY CRITERIA

W variety of approaches

m all set limits on % of
“fines” acceptable

B upper limits on % of
coarse gravels less
clear

B also dependent on life
stage, i.e. redd
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Incubation, and
emergence
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ASSESSING SALMONID SPAWNING GRAVEL QUALITY
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Gravel Quality Ratings

Fine gravel data suggest that, on the average,
samples meet fine spawning gravel quality
criteria

Also the spawning process probably removes
some of the fines

Coarse gravel data indicates that many of the
samples are coarser than optimal for salmon to
move especially in the Low Flow reach



SPAWNING RIFFLE
CHARACTERIZATION

“IN GENERAL WHAT ARE THE PERMEABILITIES,
TEMPERATURES, DISSOLVED OXYGEN LEVELS,

AND VELOCITIES AT THESE RIFFLES?”

(take appropriate measurements; also try diurnal
sampling)




PERMEABILITY TESTING
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Permeability,
Temperature and
Dissolved Oxygen

15 riffles tested October

through November
2003

testing performed at 6,
12” and 18” depth

also diurnal
measurements
performed at Auditorium
Riffle




RESULTS

PERMEABILITY {cm/hr)

Permeabilities generally
high in the top 127,
significantly lower below

River water and
Intragravel temperatures
nearly equal (generally
within 1/10 degree
Celsius

DO generally high

Diurnal testing showed
little variation in DO or
temp

E Location
= Riffle on Riffle |Site Code] 6 inch 12 inch | 18 inch
Top PT-HR- 27 200 G000 300
hiddle PT-HR-D a8 800 5,900 E00
Hatchery |Bottorm PT-HR-E 7500 J00 1,100
Top PT-AuR-A] 8,700 9 A00 10 500
Top PT-AuR-D) 32,000 1 400 200
hiddle PT-AuR-B] 13 E00 14,100 4 000
Auoditoriurrd Bottam PT-AuR-C] 31,900 a 600 4100
Top PT-BR-A, 26 700 E 400 1,100
Bedrock [Middle PT-BR-B 41,700 Z00 300
Park Bottom PT-BR- B B00 a0 400
Top PT-KR-A | 30,200 33,700 2,300
hiddle PT-KR-B | 29,000 1 600 E00
tathewes |Bottom PT-MR-C 16,000 3,000 1,200
Top PT-AIR-A | 12300 1,800 4700
Aleck |Middle PT-AIR-B | 15600 30,200 9 300
Top PT-RR-A 40 300 20,100 1000
hiddle PT-RR-B 28,700 a7 700 5,800
Fobinson |Bottom PT-RR-C 4700 1,400 2 B00
Top PT-ZR-A 43 900 33,800 3,400
Steep  |mliddle PT-ZR-B 42 /00 34 00 1,200
Top PT-wWWR-A | 37,200 4 500 2,100
E WWeir hiddle PT-WRE-B | 38 5800 27 700 1. 400
= Top PT-ER-K | 36 200 32 600 1 500
= hiddle PT-ER-M 22400 2,800 3,800
& Eve Bottorm PT-ER-0O Jh 700 18 600 3,200
ﬁ Top PT-GR-A | 37,000 a6 800 11,200
i Gateway |Bottom PT-GR-B 11,000 a3 900 4 B00
Top PT-SBR-4] 9,800 10,000 3,300
hiddle PT-SBR-B] 34 900 4 600 2400
Futter Buttd Bottorm PT-ZBR-C] 37 200 15,800 1800
Top PT-UHR-2~] 9900 26 a00 13,300
z hiddle PT-UHR-B] 11,700 12 500 400
E L pper HoudBottom PT-UHR-C] =38 300 31,800 500
':|E:j Top PT-kR-A, 32 500 B, 700 5,000
= Middle PT-KR-B 32 400 2,100 1,700
= kKeister |Bottom PT-KR-C 10,200 2,000 100
& Goose |Top PT-GoR-4] 21,900 35 300 1,300
= Top PT-McR-2] 17 900 3,000 1,300
w WacFarlandBottom PT-McR-B] 25,300 35,000 22400

Shaded areas Indicate Nkahs disfurbed aravels within redd



VELOCITY
MEASUREM ENTS

B Point values taken
during permeability
testing

m Also detailed
measurements taken
during Wolman grid
sampling at Hatchery,
Eye, and Steep
Riffles
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SPAWNING RIFFLE
CHARACTERIZATION

GRAVEL DATA USES




GRAVEL DATA USES

B Estimate size of surface
and subsurface gravels
at specific riffles ---
useful for ripping and
raking strategies for
habitat improvement

B Quantify size of dredging 8 S
tailings for possible use #2;.... = - 7 “H&
in gravel augmentation R e




SPAWNING RIFFLE
CHARACTERIZATION

THE END



